Abstract. X-ray K-absorption edges along with their extended X-ray absorption fine structure (EXAFS) have been recorded for Co(II) complexes with amino acids using a laboratory XAFS spectrometer. The samples studied are biologically important because amino acids are very small bio molecules and are the principal building blocks of proteins and enzymes. The samples studied include cobalt glycinate, cobalt alanate, cobalt valinate and cobalt glutamate. Using the experimentally observed X-ray absorption chemical shifts, effective nuclear charge (ENC) and percentage covalency have been estimated and a relative order of covalency amongst the studied complexes established which follows the sequence: alanate > glutamate > glycinate > valinate. Both X-ray absorption near edge structure (XANES) and EXAFS have been utilized to obtain the average near neighbour distances in the samples. Further, the total phase shifts δ 1 and phase parameters β 1 i.e., back scattering phase shifts for these samples have been estimated. The values of β 1 support the view that the environment around the central metal ion cobalt is similar in these complexes. The appearance of white lines (WL) at the K-absorption edges in these samples is discussed.
INTRODUCTION
The transition metal ions have a special property of forming coordination compounds. The complexes formed by amino acid ligands provide the metal ions the active form for biological processes. We have used various amino acids, e.g., glycine, alanine, valine and glutamic acid in the preparation of these samples. In the present paper, we report the results of the X-ray Kabsorption studies on the following four complexes: (I) cobalt glycinate; (II) cobalt alanate; (III) cobalt valinate and (IV) cobalt glutamate. Earlier from our laboratory, the chemical shifts for these samples have been reported [1] and in the present communication, we present and discuss EXAFS studies.
RESULTS AND DISCUSSION

Effective Nuclear Charge & % Covalency
Experimental details have been described in an earlier communication [2] . An electron pair is evenly distributed in a pure covalent bond between two atoms. If the atoms have different electronegativities the bond becomes partly ionic and the electrons in the bond have different probabilities of being in the neighbourhood of two atoms. The effective nuclear charge (ENC) Z eff is used as a quantitative measure of this tendency. Here, the Z eff have been estimated from measured chemical shifts by employing the procedure suggested by Gupta and Nigam [3] . The Z eff of the cobalt atom in the complexes are found to be in the range 1.39 to 1.69 electrons/atom as shown in Table 1 . The data points are consistent with a parabolic relationship between the chemical shift and ENC as shown in Fig. 1 . bonding in cobalt complexes as reported in Table 1 havs been estimated using the earlier procedure [4] . In Fig. 2 is shown the relationship between ENC and % covalency. We find that, for each complex, an increase in the covalent nature of bonding causes a corresponding shift towards the lower energy side. On the basis of estimated ENC values and % covalency, the relative order of covalency amongst the complexes is found to follow the sequence: alanate > glutamate > glycinate > valinate.
Average Bond Distances
We have used the method proposed by Chetal and coworkers [5] for the determination of average bond lengths using the XANES data. Here cobalt alanate is used as a standard compound. Its bond length has been obtained by Levy's method [6] . The values for the nearest neighbour distance, i.e. the bond length R calculated from XANES peaks, are given in Table 1 . We have also included the bond distances R 1 for the first coordination shell, obtained from the modified LSS method [7] .
Data Generation and Phase Shift
The values of the wave vector k (Å -1 ) have been obtained using the expression k = (0.263E)
where E is the energy (in eV) of the peaks in the EXAFS measured from the inflection point on the component K of the absorption curves . The EXAFS curves are shown in Fig. 3 . The energy values of various peaks in the EXAFS spectra of these cobalt complexes are included in Table 2 . The phase parameter β 1 and the average metal-ligand bond length R 1 have been estimated with expression (2), where R 1 (in Å ) is the radius of the first coordination sphere and n is the order of the position of EXAFS maxima and minima, Finally the total phase shifts δ 1 have been calculated from the expression
The total phase shift given by equation (3) may be compared with the theoretical phase shift given by Teo and coworkers [8] :
This indicates that the phase parameter 2 kα 1 resembles Q a , the phase shift due to the central atom, while the phase parameter 2β 1 resembles Q b , the back scattering phase shift. The δ 1 vs k plots are straight lines and are nearly parallel to each other. Hence, we [6] ; Er and Eb are defined in reference [5] ; p/q and FWHM are defined in reference [9] .
can conclude that there is a linear variation between the total phase shift δ 1 and k. A close perusal of Table 1 shows that the phase parameter β 1 varies from -0.71 to -1.03, i.e. not a major change in the value. The same thing may be noticed for the values of R 1 varying from 1.71 and 1.82 Å and R values lying between 1.78 and 1.85 Å. This indicates that the environment around the central metal ion cobalt is more or less similar as far as the first coordination shell is concerned and hence the back scattering phase parameter has not been affected appreciably. As the first shell neighbours have the same environment around the central metal ion cobalt, the minor changes in the various parameters may be due to contributions from the second and higher shells. White Line FIGURE 3. Co K-edge XAS spectra for cobalt complexes.
The intensity of the white line (WL) for alanate is somewhat low, but in other complexes the white line is quite prominent. Different parameters pertaining to the WL have been defined earlier [9] . These parameters have been measured and recorded in Table 1 . The relative intensity of the WL follows the sequence: valinate > glycinate > glutamate > alanate.
A close perusal of Table 1 shows that the FWHM values follow the sequence: alanate > glutamate > glycinate > valinate. This order is the reverse of the order of relative WL intensity. Thus, a sharp and intense WL is observed for valinate. The chemical shift values of the complexes follow the trend: valinate > glycinate > glutamate > alanate, which is also the relative order of the WL intensity variation. Our samples possess appreciable ionic character as seen from the chemical shift values. Earlier a strong WL have been reported in the K-absorption spectra of transition metal compounds [10] . The existence of a white line at the K-absorption edge may probably be due to the following two reasons: a) a high density of unoccupied vacant states with p-symmetry in the neighbourhood of the absorbing atom; and the formation of exciton levels.
The explanation for the occurrence of the white line in these complexes may be given as follows:
With the complex formation the vacant p-orbitals get narrower and with the presence of several ligands, the wave functions are also less and less hybridized and the metal ions move farther from each other. Thus there is a high density of p-states at the surface of the Fermi-distribution, giving rise to the white line in Xray K-absorption spectra of the complexes. Arp et al. [11] have reported studies on the strength and width of the white line in the K-absorption spectra of atomic 3d metals and in the L-absorption spectra of atomic rare earths.
The present studies establish the relative order of covalency amongst the studied samples. Measurements of WL parameters also provide a clue to the relative ionic character of the samples. Appearance of WL in the K-absorption spectra of the complexes presently studied suggests a high density of p-states at the surface of the Fermi distribution. The studies also reveal that the environment around the central metal ion cobalt is more or less similar as far as the first coordination shell is concerned. The average bond lengths obtained by XANES data as well as LSS method are in fairly good agreement for the complexes studied within experimental error.
